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SAVING GREEN: HOW THE DOD CAN BETT ER MANAGE
ENERGY EFFICIENCY IN ITIATIVES

ABSTRACT

The purpose of this study is to evaluate whether there are predictive factors that
increase or decrease the probabilityagbarticular class of energglated projectdeing
adopted withirthe Department of DefensBQD). A database 0872 approved projects
is analyzedrelative to 666 uniqgue DOD sitet® determine what factormfluence
project adoption Tested kpotheses include internal factors likihe ease of
implementation and investment return as well as external factorsirhikation and
environmental friendliness normigltimately, this research looks for ways to better equip

managers tplan for and resourdde adopbn of energysaving initiatives

The conventional view holds that project adoptiorpisnarily an internally
driven process; howevemis studyfinds that external factors significantly influence
adoption. For examplemitation seems tde a crucial predictive factorAlso, whether
corsciously or not, DOD managersay feel increased pressure from environmentally
conscious local stakeholders. Lgsivhen it comes to project adoptictihe DOD could
be characterized as learning, riskaverse cultureRecommendationfrom this study
include thedevelopment ofa tool for energy initiative prioritization and adoptiadhe
merging of current infrastructure and energy reporting documents, and the designation of

adoption leaders by region.
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EXECUTIVE SUMMARY

In the Department of DefensBQD), energy use intersects nearly every national
security challengeOver the past decade, the DOD has awarded billions of dollars in
appropriations and performanbased contracts to energy related prioritieedgral
Energy Management Prograr2Q17 and Office of the Deputy Assistant Secretary of
Defense for Energy, Installations, and Environrdelmstallation Energy2017). The
DODG adoption oftheseenergysaving initiatives can serve multiple goals, such as
savung money, reduag operational dependence on foreign sources of energy, ingeas
infrastructure resiliency, and fosieg social goodwill(Lovins, 2010) However, as this
research finddDOD managersnay notbe sufficientlyequigedto plan for and resource
the best mix & projects because theyay not fully understanthe factors that influence

project adoptiomecisionmaking

Competing funding priorities have the potential to create capital constraints that
may impede project adoptioAriderserandBrown, 2010) To conbat this phenomenon,
the DOD has employed innovative financing techniquas accomplish energy
conservation goalst its fixed installations Energy Saving Performance Contracts
(ESPC) armne suchvehicle wherghe governmenfinances infrastructureamprovements
via initial investmens from private-sectorenergy servicegcompanies(Department of
Energy, 2017)This process effectively transfers the financial risk of the ersaging
venture to the private investor. Owéne, successful projects cteaenergysavings hat
provide a return on investment to both the private companytatite governmen(T.
Unruh, 2014) A more traditional Military Construction (MILCON) energysaving
initiative is the DODG Energy Conservation and Investment Progra@IP). This
programis fundedby an annual appropriation of around $166llion (Jung, 2017)To
isolate factorsthat influence the adoption of energy saving initiatives in the DOB t
study analyzed database 08372 ESPC and ECIProjects relative to 6® uniqueDOD

infrastructuresites

This study determined thamitation is an adoption catalyst DOD managers

seem to be learning passively, through observation of othés sitéions or actively,
XV



throughdeliberateknowledge transfebetween sitesAs the number ofadopterswithin a

state increaseshe probabilityof subsequenprojectadoption witlin that state increases
Similarly, adoption clusters were identified in a total of seventeen stagesigureEl
indicates, the proportion of a st&aotl energy (alkiteg covered by an adopted initiative

is considerably higher within identified clusters (1.338) than the national average .(0.531)
This supports the idea that a &teroximity to an adoptenfluences future adoption at that

site. When prioritizing future projects, DOD managers should leverage the potential for
imitation by focusing efforts on sites with many neighbors. Success at these sites better

positionssurrounding sites to pursue and implement simisulycessful projest

Comparison of Energy Covered by an Initiative,
National Average vs. Cluster Average

1.6

1.338

1.4

1.2

Proportion of State Total Base Energy w/
Adopted Initiatve

0.8
0.6 0.531
0.362
0.4
0.2
0
National Avg Sparse Base Avg Cluster Avg

Figure E1. Comparison of Energy Proportions in Clustainsl
National Average

Prior researcthas showrthat in generalsomemanagers feel indirect pressure
from local stakeholdés environmental prioritie¢Berrone et al., 20001In response to
this pressure they tend take actions to be good citizeimsan effort toreap intangible,
social benefitsThis studyalsofound thatthese locaknvironmental norms do matter
in the DOD The results indicate thatades with higher environment@endliness norms
as measured b$ierra Club membership per capitand to have digher quantityof

adopted projectsTable E1 displaysthe results of a logistic regression model in which
XVi



Sierra Club membership per capita was found to be a signifpradicor of project
adoption (p = 0.0241). Furthermore, a modest increasethe strength of this
environmental friendlinegsroxy (0.001)esults ina 27.9% increase in the probability of
adoption.This research indicates thaDD managerswhether congously or not,seem

to feel increased pressure from environmentally conscious local stakeholders.

Table E1. Logistic Regression Model of Sierra Club Membership Per Capita

Predictor B Std E Z-value Pr(>|z)) Exponentiated
S ClbMembeship o yonige 109B102 2255 0.0241 7.70E+106
per Capita
Base Population 1.29E-04 3.94E-05 3.271 0.0011 1.00E+00
Total Site Delivered Energy
© 4.20E-04 4.08E-04 1.029 0.3034
(BBTU) 1
Intercept -1.714 3.601E-01
Pseudo R’
McFadden 0.608
Cox and Snell 0.833

Number of Observations

Model 249
Null 666
How Change in Predictor Value Influences Adoption
Increment Adjusted Odds Est. Change in Pr of
Value Ratio Adoption
Sierra Club Mglnbershlp SE001 1279 27.9%
per Capita

The premise of this research is that DODanagers wil be able to more
effectivelyimplementthe mostbeneficialprojects if theyactively incorporate more about
what cause projectadoptioninto their decisionprocess Currently, it may be tacitly
understood within the DOD that project adoption is mainly an internally dpvecess.
However, these results indicate that it is actually also an externally driven process. These
results mayalso indicate that the projects being forwarded for adoption in the current
DOD decision process may not be the most optimal for @B Bb alopt because they
ignore these external factors. Overall savings from energy conservation migteaber
if these factors were deliberately incorporated theDODGs energy planningrocess

Xvii
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l. INTRODUCTION

Through the adoption of energgaving initiatives,the DOD can save money
reduce i$ operational dependence on foreign sources of energgase nfrastructure
resiliency, and foster social goodwill (Lovins, 201Q)ike the private sectorthe
Department of Defensé®(QD) has been under pressureriorease its energy efficiency
This pressure has been applied by traditional stakeholders who are concerned about the
departmer@s energy useand liabilities Congress, for example, is most interested in
lowering the DOIBs energy costs and reducing risk exposure to energy interruptions
U.S.C.8§ 2911 2017) Regardless of your desired outcome, as Lovins argues, efficient
energy use is good for the organization because it serves many different goals (Lovins,
2010).

Achievements in the private sector by companies like DuPont and Walerae
as examples of how energy efficiency can serve multiple goals. Over the past decade,
through a combination of focus, innovation, and incenlw®onts energy strategy has
saved the company$2 billion while simultaneously reducing its greenhouses ga
emissions by72% (Esty and Winston, 20065imilarly, Walmart, the natiais largest
retailer, operates several sustainability programs. These programs are guided by the
companys threepronged sustainability visioriito be supplied by 100% renewable
enery, to create zero wasteand to sell products that sustain people and the
environmend (Walmart, 2017b). Collectively, these programs have saved Walmart over
$1 billion (Walmart, 2015). The achievements of these companies demonstrate that the
business castor energy efficiency is growing stronger every day. As Waléathief
Sustainability Officer Kathleen McLaughlin puts iJltimately, environmental, social

and economic interests converge for all aj (Walmart, 2017a).

A. PURPOSE

Over thepastdecadethe DOD hasawarded billions of dollars in appropriations
and performancéased contractsto energy related priorities(Federal Energy
Management PrograffrEMP], 2017a andOffice of the Deputy Assistant Secretary of

1



Defense for Energy, Installations, aBdvironmend Installation Energy [ODASD(IE)],
201h). BecausedDOD managers execute public policy on behalf of the taxpatiezse

is an expectation thautlays related tprojectprioritization should béased orefficient
economicandmanagerial thinkingFor instance, U.SSecretaryf Defense James Mattis
recently stressingthis concept by statingiThe department takes the responsibility of
being wise stewards seriousl{Ferdinando 2017). Furthermore, external organizations
like the Government Accotmbility Office (GAO) are charged to cultivate both
improved managerialperformance and accountability within the DOBGofernment
Accountability Office[GAO], 2017. Similarly, the Department of Defense Office of
Inspector GeneraDODIG) is charged to puwent fraud, waste, and abuse of taxpayer
funding by maintaining statutory compliance throughoutdbeartment Department of
Defense Office of Inspector Gener@017). Based on this combination incentive and
pressure, DOD managesbouldbeactively seelng out the most effective energgaving

projects.

The link between the perceived benefital cost®f an energysavingproject and
the reasons fothat projeafs actual adoptiormay, howevernot necessariljpoe well
understood within DOD. Thiposes challenges fahe DOD and for those with policy
oversight responsibilitiebecausehey maybe failing to maximize the utility oexisting
programsby notincorporaing all the significantdrivers of adoptioninto the decision
making processThe pupose of this study is to evaluate whether there are predictive
factors that increase or decrease the probalmfignergyrelated projectdeing adopted
within the DOD.UIltimately, this research looks for watgs makethe best use of existing
energy consrvation programs by deliberately incorporated key factors into the decision
making process that make project adoption more efficient and effective.

1. Research Questions

i Are therespecific factorsthat influence the adoption of energgaving

initiatives within theDOD?

i What is the role of the external environment on the BO&doption of

energysaving initiative®



i Are thee organizationabr manageriahctions that camakethe adoption

of energysaving initiativegnore efficient and effective

B. SCOPEAND LIMITATIONS

This analysis does not include all energy related policies and programs tivehin
DOD. Operational energgomprises nearly threguarters of all energy consumed within
the DOD (Schwartz, Blakely, & @ourke, 2012) This researchhowever,focuses on
installation energylnstallation energyonsumptioncomprises the remaininguarterof
DODGs total energy consumptidschwartz, Blakely, & @ourke, 2012)Similarly, the
analysis of installation energy programs is notealtompassingThe i esults and
conclusions are based on analysis of Ztergy Conservation Investment Program
(ECIP) projectsand 92Energy Savig Performance Contracts (ESP(@)ative to 666
unigue DOD sitesData regarding the Utility Energy Service Contract (UESC) program
another significant installation energy performance contracting initiative, was not readily

availableandis not included in this analysis.

This research doemot attempt toprovide a detailed description of specific
proceduresunique to the analyzed programs, nor doesxamine the efficacy of the
programs. Ratherthe assessmensg focusedprimarily on the managerial perspective
Lastly, the published data regarding the analyzed programdistsiapproved projects.
Direct aralysis regardig tradeoffs between adopted and nonadopted project
alternativesis not possibleexcept through deductiodopted projects are examined
relative to a population of sites where projects were not adopted (160 of 666 examined
DOD sites haddopted projects).

C. ORGANIZATION OF THE REPORT

This paper is organized totroduce and evaluate hypotheses regarding the critical

factors surrounding the adoption of enesgying projects within the DQOD

Chapter Ilintroducesthe ESPC and ECIP programAdditional background
informationis providedregarding installation energyonceptswithin the DOD, general

barriers to energy initiative adoptioand publieprivate partnershipsThis chapter is

3



meant tafacilitate an understanding of the subsequent tiygses and tenable managers

to understand the context of teeergy initiativedecisionmaking process

Chapter 1l presentssix hypothesesegarding thepotential factors that may
influence project adoptionwithin the DOD An abbreviated literature review is nedt
within the presentation of each hypotheSisese hypotheses form the basis for all data

analysisand conclusions found within this research.

Chapter IV provides a discussion of the data used to perforrandigsis This
section is meant to better enable further research of this topic.

Chapter V details themployed research methods aumdvides a discussion tie

resultsof the analysis

Chapter Vllists the main conclusions and implications resultiognf the analysis
andprovidesspecific recommendations to address the findings

After reviewing this research, the reader will be better postured to makeshe
use of existing energy conservation prograttmough abetter understandingf the

factorsthat influenceproject adoption.

D. SUMMARY

Implementing energgaving improvements at DOD facilities offdisynergistic
benefit® because the best approaches to energy tend to serve a variety of goals
simultaneously (Lovins, 2010, p. 41). DOD managers, eguidy their stewardship of
taxpayer dollars, should prioritize projects in a way that maximizes benefits. Currently,
however, DOD managers may not be cognizant of all the factors that influence-energy
initiative adoption.This researclendeavordink the perceived benefits and costs of an
energysaving projectvith the reasons for that projéetactual adoptiarDOD managers
may then use this knowledge make the best use of existing energy conservation
programs by deliberately incorporated key factors into the deeisaking process that

make project adoption more efficient and effective.



. BACKGROUND

The DOD& infrastructure portfolio is comprised over 500 disparate sites
containing a total of over 500,000 buildings across the glahacosts around $4 billion
each year to operate and maintain these faci(@3ASD(IE), 2017a). Energy costs are
the largest single drer of facility cost andhe DOD has beemommitted to lowering
these costsU.S. Department of Defens@013).To lower these costand operate its

facilities more efficientlyDOD has been pursuing projects to redanergyusage.

A. ENERGY SAVING PERFORMANCE CONTRACTS

ESPUs are performance contracts that are designed to circumeagpital
constraintobstacle through innovative financingechniquesThe purpose of aESPC
arrangemenis to enabletheimplemenation energysaving initiativesat noinitial cost to
the governmet. Per the Department of Energy (DOEj BSPC is a unique contract
vehicle in which anfienergy services company (ESCO) designs, acquires, installs and
finances energy amaV/ water conservatiorprojects at an «isting federal facilitp
(Department of Ermgy [DOE], 2017%. An ESPCis definedfor a specificperiod, usually
between 10 and 25 yearEhe crux of the ESPC program is that the contractor must
guarantee energgavings thatfully fund the initial private investmen{National
Association of Manufacters, 2014).Over time, the ESCO receives a return on
investment through the resulting energy savings, directly related to the implemented
projected(Unruh, 2014).Typically, energysavings persist aftethe conclusion of the
contract termto thebenefitof the governmentTable 1 provides a breakdown of DOD
ESPC projects by fiscal year (FY), since FY 1999. This table indicates the scope of the
DODG& use of the program by listing cumulative totals doflar amounts and energy
savingsamong all DOD ESPQsy FY.



Table 1. CumulativeDOD ESPC Projects by FAdapted fromFederaEnergy
Management Prograf2017a).

: . Total
Quantity of| Cumulative Cumulative Ener
FY DOD Project ) 9y
- Cost Savings Savings
Projects | Investment 6
(BTU x 107)
1999 2 $2,320,794| $5,526,712 39,995
2000 4 $19,777,104 $40,620,487 255,768
2001 8 $66,739,140 $126,393,053 325,046

2002 5 $51,231,880 $179,164,653 752,300
2003 12 $107,178,792 $219,756,066 1,090,411

2005 3 $42,945,409 $99,191,301 255,241
2006 11 $58,957,882 $137,980,711] 489,970
2007 6 $47,887,746 $154,899,181] 488,747
2008 7 $68,810,652 $164,313,850 281,259
2009 3 $62,511,169 $172,869,127 187,771

2010 12 $188,259,838 $499,308,542 1,372,551

2012 1 $80,559,242 $173,828,084 493,652
2014 4 $87,149,329 $212,582,844 276,018
2015 2 $25,713,080 $48,734,358 44,035

2016 4 $201,772,558 $555,327,218 832,336
2017 8 $436,839,363$1,116,624,683 1,477,899

ESPCs have been utilized by every branch of the milithgble 2 further
indicates DOI3s scope of commitment to the ESP@gram bydisplayng the quarity
of ESPCs adopted by each militdoopanchfrom FY 1999 FY2017.

Table 2. Quantity of Adopted ESPCs by MilitaBranchOver Time Adapted
from FederaEnergy Management Progrg2017a).

1999 | 2000 | 2001 | 2002 | 2003 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2014 | 2015 | 2016 | 2017 | Total
Air Force 2 2 5 3 2 1 1 2 18
Army 3 2 4 3 1 2 1 2 5 1 1 25
Marine Corps 1 1 3 2 1 1 1 1 11
Navy 2 1 5 4 2 1 2 3 5 1 1 3 5 35
Other 1 2 3
Total 2 4 8 5 12 3 11 6 7 3 12 1 4 2 4 8 92

ESPC policy is found inthe Federal Acquisition Regulation (FAR}ection
23.205, which directs agenci@o make maximum use of ESPCs when it is-tijele

costeffective to reduce energy use and cost in the agerfegilities and operations
6



(Federal Acquisition Regulation [FAR], 201 HAR section 2.101 further defs ESP&

by what they require from a contractor:

1 Perform services for the design, acquisition, financing, installation,
testing, operation, and where appropriate, maintenance and repair, of an
identified energy conservation measure or series of measuee air

more locations;

1 Incur the costs of implementing the energy savings measures, including at
least the cost (if any) incurred in making energy audits, acquiring and
installing equipment, and training personnel in exchange for a
predetermined share tfie value of the energy savings directly resulting
from implementation of such measures during the term of the contract;

and
1 Guarantee future energy and cost savings to the GoveriirfRt 2017)

The ESPC program is a federal program run by the DIDIiE.DOEG Federal
Energy Management Program (FEMP) is responsible for managing ESPC policy,
collecting and maintaining data, and creating services and guidance to ensure agencies
implement successful projects (Unruh, 2014 and DOE, 20EPSCs have been
implemented by numerous federal agencies at sites throughout the United States and
overseagFEMP, 2017a)Figure l1displays where aample of ESPC projectom across
the entire federal government, not just the D@Bye been adoptedithin the United
States.This figure indicateshe pervasiveness of the ESPC progtamil demonstrates

that projects have been adopted in a variety of locations.



@ Completed
@® In process

Figure 1. Federal Government ESPC Projects in the United States-ZieH).
Source:National Association of Manufacture(2014).

In 1998, the DOE competitively awarded indefinite delivandefinite quantity
(IDIQ) contractsto several qualified ESCOs to streamline the ESPC conanaatd
process(DOE, 2017) The majorityof federal ESPC investment hlaeen through task
orders isued under the DOE IDIQontract Current holders of 2017 IDIQ contracts from
FEMP can be found in Tab&



Table 3. Holders of 2017 FEMP ESPC IDIQ Contracts
Adapted fromFEMP (2017).

Organization Contract Number

ABM Government Services, LLC Contract: DE-EE0008025
AECOM Technical Services, Inc. Contract: DE-EE0008026
Ameresco, Inc. Contract: DE-EE0008027
The Brewer-Garrett Company Contract: DE-EE0008028
CEGLLC Contract: DE-EE0008029
Consolidated Edison Solutions Inc. (CESyntract: DE-EE0008030
Constellation NewEnergy, Inc. Contract: DE-EE0008031
EDF Renewable Energy Contract: DE-EE0008032
Energy Solutions Professionals, LLC |Contract: DE-EE0008033
Energy Systems Group, LLC Contract: DE-EE0008034
Honeywell Contract: DE-EE0008035
Leidos Engineering, LLC Contract: DE-EE0008036
Lockheed Martin Corporation Contract: DE-EE0008037
Noresco United Technologies Contract: DE-EE0008038
OpTerra Energy Services Contract: DE-EE0008039
Schneider Electric Contract: DE-EE0008040
Siemens Government Technologies, In€ontract: DE-EE0008041
SmartWatt Energy Contract: DE-EE0008042
Southland Energy Contract: DE-EE0008043
Trane U.S. Inc. Contract: DE-EE0008048
WGL Energy Systems, Inc. Contract: DE-EE0008049

The process for selecting an ESCO to develop and implement an8gjec is
not the samesselecting a contractor for a standard dedigitdd project (Unruh, 2014).
Section 8 of the National Defense Authorization Aaft 2011directs agencies tootify
all ESCOs of the opportunity to compete for a potential projettt the agencylke
Skelton National Defense Authorization Act for Fiscal Year 2INDAA], 201]). After
a determination of the competitive rangad further eliminations of contractors for
efficiency, agencies select one ESCO to conduct surveys and ssttalienable the
contractor to submit affirm-fixed-price proposal to implement specifienergy
conservation measui@@NDAA, 2011).

From this researclobservs, there seems to be no active screening prockess
ESPCst theOffice of the Secretary ddefense QSD) level. Meaningprojectsthatmeet
the minimum statutory requirementsf the programare very likely to be approved.
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Typically, these projects arilentified at the lowestevels typically by installation
energy manager@aniel Magro, perseal communication, September 8, 2Q1IR) this
way, middle managers, particularit thelocal level seem to berioritizing anddeciding
what projectgshe DOD is pursuing

B. ENERGY CONSERVATION AND INVESTMENT PROGR AM

Per the GAO, theiEnergy Conservationna Investment ProgramECIP) is
DODG primary source of directly appropriated military construction funding for energy
conservation projeabs(GAO, 2016, p. 8).As DOD guidance for the program states,
AECIP is a critical element dODGs strategy to imprav the energy performance of its
fixed installations (Jung, 2016 p. 1). ECIP is adesignbuild Military Construction
(MILCON) programthat is funded by a total annual appropriation of around $150M
(Jung, 2016)The GAO defines MILCON projectfiasincluding all military construction
work necessary to produce a complete and usable facilitynpriraprovementto an
existing facilityo (GAO, 2016 p. 6. Table4 provides a breakdown of(&P projects by
FY, since FY 2010This table indicates the scopéthe DO use of the program by
listing cumulative totals for dollar amounts and energy savings among all DOD ECIPs by
FY.

Table 4. ECIP Projects by FY,&nple from FY 2010 to FY 2018dapted
from ODASD(IE) (2017b).

uantity | Cumulative .

FY ?)f Soh e || UGS
: Cost Savings

Projects | Investment
2010 68 $117,762,000 $272,377,630
2011 48 $103,733,000 $262,453,900
2012 33 $120,400,000 $189,253,320
2013 29 $103,200,000 $263,988,500
2014 35 $116,257,968 $251,669,881
2015 42 $137,828,000 $292,342,500
2016 25 $130,331,000 $288,570,800
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ECIPsprojects have also have been pursued and implemented by every branch of
the military. Table 5 displays the quantity of ECIP projects adopted by each military
branch from FY 2010 FY2016. Based on the relative similarity in total projects adopted
by each military branch, this information seems to indicate there is a degree of
competition for ECIP funding.

Table 5. Quantity of ECIP Projects by DOD Agency, Sample from FY 10 to
FY 16.Adapted fromODASD(IE) (2017b).

2010 2011 2012 2013 2014 2015 2016 Total
Air Force 21 10 5 2 10 14 13 75
Army 16 16 12 10 9 12 5 80
Marine Corps 5 2 2 2 1 2 2 16
Navy 19 13 8 10 10 9 4 73
DeCA 3 2 5
DIA 3 1 1 1 6
DLA 2 3 1 2 1 9
Other 1 2 2 4 2 4 1 16

Total 68 48 33 29 35 42 25 280

The program is currently under the purview @fffice of the Deputy Assistant
Secretary of Defense for Energy, Installations, and Envirordnkrstallation Energy
(ODASD(IE)) who solicitsfor projectproposalseach year byssuing guidance teligible
DOD entities (Jung, 2016).Installation managers ate projectproposalsbased on
ODASD(IE)s guidancewhich are submitted to the military service for rev@ethis is
step 1(GAO, 2016) There is no specifidollar threshold for projects to qualify for ECIP
funding. However,the DOD requires that itennualselectionsof ECIP projects hava
collectiveminimum averageeturn on investmenté measured bsaving-to-investment
ratio) of 2.0 (Jung 2016).Table 4 lists the quantity of adopted ECIPs by military service

over time.

Potential ECIPprojects are thoroughly vetted prior to implementatido. be
considered for approvagber the GAGand ODASD(IE) guidancen ECIP poposal must

provide estimates of the following
i Project Cost

11



i Payback (number of years until the project recoups its fienjeosts)

1 Savingsto-investment ratio (SIR), or return on investment. A return on
investment of 2.0, for example, means that the completed project
eventually realizes $2 in savings for every dollar spent (GAO, 2016
Jung, 201k

The military services evaluate thesubmitted proposalsbased on their own
evaluation factorsand submit worthwhile candidates tO@DASD(IE)S this is step 2
(GAO, 2016) ODASD(IE), constrained by the programs annual appropriatiben
competitively selects the best mix of aahile projectd this is step 4GAO, 2016)
ODASD(IE)s guidance states thahe ECIP approval processwill elucidate the
complex tradeoffs between key financial and energy metrics, enabling exploration and
analysis of a broader set of portfolio optionSung 2016, p. 3. ODASD(IE) then
notifies Congress about the selected profetkss is step 5GAO, 2016) Figure 2
depictsthe process flowof ECIP selectionand adoptionas discussedlrhe selection
process for ECIRdoption seems to be more formalized than the ESPC program. This is
likely becausethe ECIP program, though focused on smaller scale projasts

appropriated fundinthat tends to be more hierarchically controlled.
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Figure 2. ECIP Project Process Flow. SourGAO (2016)

ECIP funding isexpected to remaiconstantat an annual appropriation of $150M
for FY 2018 to FY 2022 (Jung, 201&s Jung states in the progrésrannual guidance
memo, At this funding level, the program will provide less than 10% of @D
projected investment required to meet the legislative, executive, and agency requirements
for energy use(Jung, 2016p. 1). Despite its smaller scale in terms of dollars committed
relative to the ESPC program, the ECIP program is designed to supple@&is D

ability to comply with energy conservation mandates.

C. DOD INSTALLATION ENE RGY

Fixed installationsenablethe DOD to perform its operational missiprand
investments in energgfficient technologyat these installations arcritical to the
sustainmenbf the DODOE operational capacifODASD(IE), 2015) Currently, nost of
the energy consumed hiyhe DOD fito heat, cool, and provide electrical power to
infrastructureis fossil fuel based (coal, oil, natural gas, or electricity produced from
these), ofterfrom foreign sources(Chisom and Templeton, 2018. 4. The DODG&G
Annual Energy Management Repatates thathe DOD consumed 211,095 billion
British thermal units (BBU) of installation energyn FY 2015(ODASD(IE), 2015). As
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ODASD(IE) points outfiThis infrastructure is largely dependent on a commepaaler

grid that is vulnerable to disruption from aging infrastructure, weathated events and
direct attack (ODASD(IE), 2017%). Typical energyrelatedinfrastructureimprovements
projects pursued bthe DOD to become more efficient and resilient, as described by
ODASD(IE) include fretrofits to incorporate improved lighting; higlfficiency heating,
ventilation, and air conditioning (HVAC) systems; doupbne windows; energy
managment control systems; and new roon@DASD(IE), 20173. Through the
implementation of energy saving projects at installatib@P benefitsboth from lower

energycosts androm better working environments fas employees.

D. BARRIERS TO ENERGY -EFFICIEN CY ADOPTION

There are specific barriers that tend to impede the adoption of yenerg

conservation initiativesFigure 3 displays the general process flow of the deecision

making and planning processes leading to the implementation of a generic energy

initiative.

Energy

Estmationof  §N Economic . ’ ldentification of
Energy Evaluation of Funding ¥ Implementation
Savings 4 CostsBenefits | 4 Source y

) ‘ )

Efficiency
Measure
Identification

* Awareness of « Engineering * Project cash « Capitalbudget vs. * Project

available parameters flows,preand O&M budget development
technologies « Calculations of post « Financing « Coordination wih
* Facility energy use,pre * Cost of capital, + Incentives operations
assessment andpost discount rate « Alternatives: * Installation
* Performance

contracting,etc.

Figure 3. EnergySavingProject Adoption Process Flow.
Source: Andersen and Brown (2010).

At each gate in B process flow, organizational barriers must be identified and
surmounted. Th®OE divides these obstacles infaree maincategories: economic and
financial, regulatory, and informational (DOE, 201Andersenand Brown alsocite the

lack of capital as arpnary barrier to adoptionAhdersenand Brown, 2010).Volatile

energy prices also tend to delay energy project decisions due to uncertainty regarding
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investment returns (DOE, 2015 response to this obstacl&nderson and Brown
encourageinitiative chanpions iito look for innovative financing solutions to ensure
positive cash flow and mitigate the risk of uncertain payback expectations that come with
similar capital budgeting decisiamg2010, p. 8 The DOE also states that the
aggregation of regulatienincludingcomplex contactual termsand the administrative
burden required for successful oversight of a project alag deter some decisien
makers(DOE, 2015) Lastly, informational gapdike insufficient knowledge of federal

and statautility regulations andncentives; a lack oflata regardingnergy consumption;

and a deartlof requiredexpertiseo evaluate such datan dictate negative outcomes for
some opportunities (DOE, 2015)his researclexamineswhethersimilar barriersor

factors influence energy initiative decistamakingin the DOD.

E. PUBLIC -PRIVATE PARTNERSHIP S

Prior research has demonstratieat governments use contractual arrangements as
organizational tools in the implementation of policy on behalf of citiZ€whenand
Eimicke,2008) Buchanan, Cabell, & McCrary define pubpcivate partnershipsa type
of contractual arrangemerds cooperative relationships that allow a public agency to
fipool resourcaswith the fiprivate sectdis technical expertise, knowledgesight, and
capital to achieve mutually beneficial gaa{2006, p. 1)Public-private partnershipsas
authorized by Congress, may be ugedfacilitate energy conservation and resiliency
projects.Partnerships can be used by governments to finance capital improvevitants
little to no initial financial cost of the part of the agendye governmei transfer of

risk to the private entity is also a major advantage of pyisliate partnerships.

However, as the GAO cautions, the implementation and monitoring of such
arrangements simultaneously becomes more important and more complex (GAO, 2005).
Maintairing accountability ofa private entiy acting in a public capacityn the
performance of any camact can be a challenge for a government managéis
challenge is particularly poignant in a pubtiovate partnershiplike an ESPC, because
thegovernment may not have the technical expertise to provide sufficient oversight of the

contractor. To be siccessfulin such arrangemenisCohen and Eimicke argue that
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contract management should be tedahe sameas internal management (Cohen and
Eimicke, 2008). Specifically, government managers must maintain contfstrafegic
planning, leadership, humaresource management, financial investment, financial
allocation and control,work process analysis improvement, and performance
measurement(Cohen and Eimicke2008 p. 17). Despitethe challenges,yblic-private
partnerships ara critical tool enablingthe DOD to implemenénergysaving measures

through innovativdinancing solutions.

F. LEGISLATIVE AND EXECUTIVE OVERVIEW

A mix of incentive and statutory direction have pushed the DOD to become more
energy efficienand use performance contracting to doGongress passed legislation in
1986 that permitted agencies to use performance contracts solely to achieve energy
savings and ancillary benefits (GAO, 201President Busis Executive Orde(EO)

13423, prompted the Office of Federal Procurement Poliey(OFPP) acquisition
guidance entitledfiAcquisition of Green Products and Servizeshich recognized
performance contracting as the preferred mechanism to meet statutory requifements
energyefficiency (Executive OrdeNo. 13423, 200andHull, 2015).

The Energy Independence and Security Act of 20@&s not only meant to
increaseenergy efficiency in federal facilities, but it also included a preference for
performance contrac{&nergy Independence and Security Act of 2007, 208terally
mandatedenergyconservation goals, such as the Obama administéatigoal of $2
billion awarded for energyelated performance contracts by 2013, have continued to
further incentivize proactive use of ESPCs and similar partnerships (Unruh, 2014). In
May 2014, Preident Obama expanded this challenge to a total of $4 billion by the end of
2016 (GAO, 2015)As Lovins has arguedational energy policy has been shiftifay a
variety of reasonsncluding economic recovery, competitive advantage, and climate
protection(Lovins, 2010).Futurelegislationregarding the DOBs energy uses likely to
continuealong thistrend
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. THEORY AND HYPOTHESES

A significant way government employeean serve the public good istime way
they spend the taxpaysrmoney.The termfipublic servic® itself implies government
employees should place the interests of tdbgayers(or customers) first (Cohen and
Eimick, 2008). Inthe DOD the pursuit of th@best value product or servitshould be
the bedrock of anylecisioamaking procesgFAR, 2017) Capital constraints among
compeing operational prioritiescan alsomotivate managersn the DOD to think
creatively about efficiency. Furthermorethe DOD experiences pressure from the
watchdogs at GAO and the DODIG be accountable for thlemanagement practicek.
is not enough that bureaucrats merely endeavor to avoid fraud, waste, andttaduse

should strive for constant improvement in managerial performance.

FAR Section 1.102for instance,is written to fiempower local procurement
officials to take independent action based on their professional judgrmentder fito
achieve efficient operationgFAR, 2017).Also, some of the top strategic goals of the
Office of the Assistant Secretary of Defense for Energyallasions, and Envanment
(ASD(EI&E)), who oversees both ESPC and ECIP initiatives for DOD, are directly
related to efficient managememractices Specifically, ASD(EI&E) endeavors to
fieiminate waste iNnDOD installations and infrastructuseand to fidevelop smarter
contracs and manage contracts smait(ffice of the Assistant Secretary of Defense for
Energy, Instllations, and Environment [ASD(EI&E)], 2017j.energy efficient practices
and financial performance are in fact positively relgtesty andWinston, 2006)then it
would seem logical to anticipate that the DOD is pursuing initiaticea way that

maximizes benefits to all involved stakeholders

A. THE EFFECT OF PROJECT RISK

Generally, projects with lengthy time commitments and high dollar values tend to
provokecaution because they create more risk. Uncertain financial and oppcdosity
factors, such as initial cost or a projscpayback period, may increase a pra@gecisk
and should thus influence a fiéen decisioamaking. However, as FAR Stdection

17



1.1022(c) states,iiThe cost to the taxpayer of attempting tomabate all risk is
prohibitived (FAR, 2017). To realistically achieve efficient operationshe federal
acquisition workforcemust shift its focus froniirisk avoidancé to firisk management
(FAR, 2017).Economic theory suggestisks associated witbosts, rather than benefits,
wield greater decisiomaking influence because they are experienced sooner and are not

dependent on uncontrollable factors like future energy ptiGeg and Lennox2002)

Anderson and Newell (2002) argue thétirms are more responsive to
implementation costs than to energy savin®002, p. 24) thudjprojects with a longer
payback period (i.e., a larger ratio of costs to annual benefits) are less likely to be
adopted (2002, p. 16)Due to perceived risk increases, managers may also be reticent to
employ novel initiatives andf unproven energy technologies in laspale
infrastructure projects (Olsen, 201Zhe DOE states that mitigation of risk in the ESPC
programrelies on a balance between shmayback and longerm initiatives (FEMP,
2017d). DOBs ESPC program guidance specifically stafd® maximize savings and
minimize overall lifecycle cost, the best strategy is to fund as many [projects] as
possible, beigning with ECMs with the shortest paybacKEEMP, 2017d). In an ESPC
arrangement, the risk calculus may be different because itat® are not outlays of
hard dollars by DOD, rather, they represent the potential degree of financial liability
resuling from miscalculation or project failureNonetheless the required initial
investment and the length of a profsgbayback period are likely tofluence perceived

project risk and influenceecisionmaking.

1 Hypothesis 1 (H1)Projectsthatare the easstfor the DODto implement
(shortest contract lengttend smallest initial costare more likely to be

adoptedirst.

B. THE ROLE OF INFRASTRUCTURE VALUE

DOE guidance specifically statéisatideal ESPC projects may be foundrahy
large building orgroup of buildingé (DOE, 2017).Prior research also indicated that
small facilities are not generally ideal candidates for extensive infrastructurefitetro
(Olsen, 2014). This is in part due to smaller marginal benefiterms of costs savings
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relaive to the administrative overhead necessamwardand oversee a singpgoject.If

the size of a site is related to its valughie DOD, thenthe odds of an optimal return on
invested capitahas the potential te higher at larger bases than at légnabases,
especially when considering the larger number of stakeholders resident at larger, mission
essential base#. could be expected thadte DOD may have initially shown a preference

for bases deemed to possess higher value, operating underuimptass greater energy

and cost savings could be reaped for a similar amount of overhead.

1 Hypothesis 2 (H2): Projectend to be approved at bases whére DOD
has demonstratddgher infrastructure value

C. THE EFFECT OF BENEFITS

The most efficient option fothe DOD could be to prioritize projects with the
largest cumulative beneditAccording to the DOEESPCprojects tendo be the most
beneficialwhen facilities contain aging equipment thmfy benearing the end of its
useful life because there is momgportunity for savings byreplacing old inefficient
equipment(FEMP, 201d). Also, the infrastructure at some bases may be less efficient
due to both design and agkhis prioritization could effectively minimize overhead and
administrative costs while maximizing tangible and intangible benéfhsis, if two
projects are competing for approval, it would be logical to assume that the pvbjelt
maximizes total benié$ to the DOD and the taxpayer will be approved fif$te fibest
value product or servige as discussed in FAR Sydart 1.1 could be an adoption
strategythat provides the greatest cumulative benefit to the governmesnimeasured by

energy or cost savgs.
1 Hypothesis 3 (H3): Projects thgtiarantee either the most cost savings or
largest cumulative energy savings will be implemented first.

D. THE ROLE OF LOCAL ENVIRONMENTAL NORMS

Prior research indicates widespread acceptance of the notion that loce nor
influence firnts decisioamaking, particularly regarding decisions that involve social and

environmental responsibiliffpowell and Muthulingam, 2037In other words, managers
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may feel indirect pressure from local stakehdisleenvironmental prioritiesind take
actions to be good citizens and reap intangible, social benefits. Scholars have also
suggested that environmental norms can rebalance the totality of perceived value of an
initiative (Dowell and Muthulingam, 2037 Similarly, Berrone et al. havarguedthat
smaller, familyfirms tend tocare about their reputation withthe local communitynore

than larger firmstherefore they amnmoreresponsive to local stakeholder priorities, in this
case environmental preferend@erroneet al., 2010)It would be reasonable to assume

this phenomenon is occurring within DODFor instance, akey strategic goal of
ASD(EI&E) in the management of the D@ real property portfolids community
collaboration with local military bases (ASD(EI&E), 2017his hypohesis examines
whether there is a preference for approving projects in regions that exhibit a more

favorable view of environmental stewardship.

1 Hypothesis 4 (H4)The stronger the environmental norms are in a given
region, the greater the probability thiae initiative will be adopted.

E. THE ROLE OF IMITATION

Managers can learn about an initiative or progeagffectiveness by observing
proximate successe&nderson and Newefosit that a central reason firms fail to adopt
environmental initiatives is duéo the risk associated with thencertainty of new
technology and a lack of proven perfance informationAnderson and NewelR002).

Prior research haalso arguedthat the level of perceived uncertainty is reduced as the
number of adopters increaseBofvell and Muthulingam, 2037 Cluster theory as
described by Grevesuggests thaficompetitive advantage is created in the interfaces
between firms and their customers and suppliers, and thus one can find clusters of
capable firms near each othdiGreve 2009 p. 2. Thus, one should expect a ripple
effect of projectadoptionas gaps are bridged by demonstrated suesdssthe early
adopters of an initiative (or technology) and the widespread implementation of similar
projectsat other DOD site@Moore, 1994).

Similarly, network theory, also described by Grew®stulates thaficertain
network positions give privileged access to knowledge and resource{lGne/e, 2009
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p. 2. For exampleas Williams argues ifiReplication and adaptation lead saccessful
knowledge transfer, which leads to improved performance of the receiving 200, p.

867). Successfully demonstrated projects not only reduce perceived risk, but they also
transfer valuable knowledge regarding administrative requirenaedtthe suitability of
certain types of projectdhus, it is reasonable to assume, due to imitation fadtwas,

there are regiondicluster® of bases with a heightenedoportion of approved projects
because evidence tends to support the idea that inmw\dhffusion is more rapid over
shorter distances (Greve, 2009).

i Hypothesis 5 (H5)The more local adoptetbere are ofn initiative, the
higher the probability that it will be adopte

F. THE ROLE OF INVESTME NT RETURN

Projects withhigher return on inv&ment, instead of gross savinggy represent
thefbest value to the DOD because thelyave the potential tmaximize benefits relative
to financial commitment (or risk). Projects that manifest a high investment return may
also be consideredow-hangingfruitdo because managers can achieve outsized benefits
relative to the riskBerchicciandKing, 2007). Thus, t would be useful to evaluate the
differencesin investment returrperformancebetween the ESPC and ECIP programs.
Historically, ECIP has fundesimaller projects that promise &ealreturnon investment
in reduced energy costs, as measuredsty (ODASD (IE), 201M). ECIP managers
seem toplace a increasecemphasison investment retur{dung, 2016)ESPC projects
on the other hand, are not coasted by the typical appropriations process by
investment return goal#t is expected that ESPC arrangemeatsl to baused for larger,
longerterm projects.This hypothesis will examine whether current investment return

strategies have any tangild#ect on outcomeketween the programs

i Hypothesis 6 (H6)Relative to ECIP projects, ESPC initiatives will be
more costlyprojects with greater cumulativeost savings but a lower

investment return (measured by SIR)
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IV. RESEARCH DATA

This research is modeled on the work of Dowell and Muthulingam (2017). |
analyze the implementation of individual energy saving initiatives usyppthesis
testing (primarily {Tests)and regression analysis tsalate factors that fluencethe
DODG project adoptiondecisions | examine whethethe DOD is respondingas
predicatedoy economic theory regardinigternal incentives likgpayback,initial cost,
and cumulative costsavings. Also, | analyzethe impact ofexternal factorslike
environmental friendliness norms and imitatiohhe significant findings are then

formulated into recommendations for use by DOD managers.

Data regardingpproved projects was compiled along with a database of DOD
site characteristicsnformation regarding approved ESPC projeciis¢cs the prograids
initiation of IDIQ taskorders in1998, is publicly available vithe DOE (FEMP, 2017a,
2017Db). Analysiswas performed on 9DOD ESPC projects (out of a total of 379
projects for the entiréederal governmentData regarding approved ECIP projects was
compiled from Congressional notifications publicly available fro@DASD (IE)
(ODASD (IE), 201Db). A total of 280 ECIP projects were examinetihe ECIP
programwas initiated in 1976; howeverpublicly available datanly exists backto
2010 (GAO, 2016and ODASD (IE), 2017hH. Because it camt be determined what
ECIP projects were originally adoptedCIP data will be excluded from any analysis

regarding the timing ohitial adoption

Energy se per basevas compiled fronthe DOD& FY2015 AEMR (ODASD
(IE), 2015). This report detaildeliveredenergyfor a total of 666active DOD sites
The quantity of personnelassigned to eachite (Active, Reserve, and Civilian grand
total as ofFY2015) was compiled from a report generdienn the Defense Manpower
Data Center (Defense Manpower Data CenteR017). Lastly, data regarding
infrastructurevalue was compiledrom the DODG&G FY2015 Base Structure Report
(BSR) ASD(EI&E), 2015). A challengein this data consolidationeffort was the
reconciliation ofinconsistent nomenclatures fibre same sitby different agencies. For

instance the DOE may refer tofiNavy Station San Diegowhereagshe DOD&G AEMR
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may refer to the same location @8AVBASE San Diego CAO Datawas included in
the analysis only if it could be verified beyond a reasonable doubt across each of the

individual datasets.

A. DEPENDENT VARIABLE

The dependent variable in this analysis is simply whether an initiative was
adopted or not. An indicator variable of 1 is listed if an ESPC or ECIP initiatage
adopted and is O otherwise. Agreviously mentionedadoption occurs active DOD
sites It is common for multiple,unique initiatives to be adopted at a single base.
Including these bases multiple times durthg analysisould dispropdionally weight
the demographics of these bases. Therefarsjte will only be listed once as a
dependent ariablerather thammultiple timesas separate initiative are adopted at the

same site

B. INDEPENDENT VARIABLE S

The followingindependent variables will serve as indicatorpm@ject adoption

influence:

1. Economic Characteristics of anApproved Project

H1 and H3 posit that economic characteristios the internal benefits of an
initiative, influence its adoption. Thus, initial project investment, anticipated cost
savings, contract lengtland cumulative energy savings are analyzed relative to their

effecton the dependent variable.

2. Site Characteristics

H2 examines whethethe ungue internal characteristics of each sitee a
primary driver of initiative doption Thus, ndependent variables regarding specific
base characteristics will also be analyzelhtive to the dpendent variable. Analyzed
chaacteristics include:total site delivered energy (BBTU), energy intensiég
measured by BTU per gross square foot of facility sp@BTU/SF), assigned

personnelActive, Reserve, and Civilian grand tota#nd & infrastructure valuéactor
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theDOD calls Plant Replacement Value (PRV). Tha@mative valugas defined by the
DOD, firepresents thealculated costo replace the current physical plant (facilities and
supporting infrastructure) using todaycmstruction costs (labor and materials) and
standards (methodologies and codé8)SD(EI&E), 2015 p. 5)

PliiifE Supervision
o 2 g ;
Plant - 5 2 Area Historical = Inspection —
_ Facility Construction . § B and Contingency
Replacement = S . = 5> X Cost X Records X 7 X and X Oy
. Quantity Cost Factor 3 : 4 Design Factor
Value - 2 Factor Adjustment =5 Overhead
& Factor 6
Factor

1 Quantity of assets from the real property inventory database.

2 Construction cost as published in the DoD Cost Factor Handbook.

3 A geographic location adjustment for costs of labor, material, and equipment.

4 An adjustment to account for increased costs for replacement of historical facilities or for construction in a historic district; the current value of the factor is 1.05.

5 A factor to account for the planning and design of a facility; the current value of this factor is 1.09 for all but medical facilities and 1.13 for medical facilities.

6 A factor to account for the supervision, inspection, and overhead activities associated with the management of a construction project; the current value of the factor is 1.06 for
facilities in the continental US (CONUS) and 1.065 for facilities outside of the continental US (OCONUS).

7 A factor to account for construction contingencies; the current value of the factor is 1.05.

Figure 4. PRV Formula. SourceASD(EI&E) (2015.

3. External Environment

H4 and H5 explore the relative importance of environmental norrasd
imitation haveon the probability of initiative adoptio.he Sierra Clulproclaimsit is
fithe natiods largest and most influential grassroots environmental organipation
(Sierra Club, 2017b As established by prior researchyge Sierra Clubmembership
per capita as a reasonable proxy for the strength of environmental noreah state
(Dowell and Muthulingam, 2017). This data represents the annual count of Sierra Club
membersin the state of the sife location scaled bythe statdés total population per
2010 Census data). This data was obtained from a direct inquiry to the Sieréa Club
member services team (Sierra Club, 2617

To bolster this metric, | have also included data from Yale Univéssifyimate
Change Communication Progranihis model predits relative support for climate
change concerns at both the state and local levale Program on Climate Change
Communication, 2015, 2016)The chosenYale datametric is a prediction of the
estimated percentage individualswho think that globalwarming is caused mostly by

human activitiesAlso, a data string was created to count tumulativenumber of
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other bases in a state who hareviouslyadopted projects. This string data will be
used to analyze whether the probability of adoptiomeases as the number of other

local adopters increases.
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V. METHODOLOGY AND DATA ANALYSIS RESULTS

Tables 6 and 7 list the descriptive statistics and correlations of the analyzed data.
From Table 6, we observe that nearly 25% of the 666 analyzed siteecdgpier an
energysaving initiative. Moreover, there are differences in the mean values of ESPC and
ECIP cost savings data that may indicate the scale of projects suitable for each type of
initiative. The positive correlations from Table 7 suggest iatefactors such as PRV,
total site delivered energy, and base population (Active Duty, Reserve, and Civilian
Grand Total) influence the probability of adoption to some degree. Also, the correlations
indicate that external factors like othfédocal adopters) and environmental friendliness

norms may positively influence the dependent variable.

Table 6. DescriptiveStatistics

Variable Mean Std dev Min Max N
1) Adoption Status (1 = adopted) 0.240 0.428 0.00 1 666
(®) Base Population (Active, Reserve, Civilian Grand Total) 6,588 9,056 1 62,804 289
3) Total Site Delivered Energy (BBTU) 279, 505 0 3.908 666
“) Energy Intensity per Site (BTU/SF) 115,454 71,087 61 854,514 666
®) Plant Replacement Value ($M) 1.813 2,113 18 14,041 325
©6) Sierra Club Membership per Capita 0.0025298 0.0012972  0.0005203 0.0063429 539
@) Yale 2014 Environmental Friendliness Proxy 49.27 3.94 42 61 539
®) Yale 2016 Environmental Friendliness Proxy 52.91 442 41.97 66.79 539
©) ESPC Contract Length (years) 17.29 4.06 8.00 24.00 92
(10)  ESPC Cost Savings ($) 42,468,705 79,252,309 1,874,423  649.333.834 92
(11)  ESPC Project Investment ($) 41,920,706 78,976,730 1,812,995 649,333,811 92
(12)  ESPC Project Cumulative Energy Savings (BTUx10°) 1.779.518 2,687,572 50,952 14,103,518 92
(13)  ESPC Savings-to-Investment Ratio 2.344 0.843 1.254 8.140 92
(14)  ECIP Cost Savings ($) 6,502,345 9.177.839 0 95,445,540 280
(15)  ECIP Project Investment ($) 2,962,543 3,286,140 17,968 22,000,000 280
(16)  ECIP Savings-to-Investment Ratio 2.402 1.758 0.000 18.800 280
(17)  Other "Local Adopter" 4.168 5.694 0.000 20.000 666
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Table 7. DataCorrelations

Variable (1) 2) (3) (4) (5) (6) (7) (S) 9)

(1) Adoption Status (1 = adopted) 1
(@ Other "Local adopters" 0.248 1
(3) Yale 2014 Environmental Proxy 0.225 0.681 1
(4) Yale 2016 Environmental Proxy 0.150 0.594 0.890 1
) Slen"a Club Membership per 0.110 0.547 0.688 0.746 !

Capita

Base Population (Active, Reserve,

g 3 ; .105 : .

©) Clhvilian Grnd Tl 0.390 0.092 0.10 0.081 0.002 1
(7) Plant Replacement Value ($M) 0.466 0.103 0.145 0:125 0.078 0.781 1

Total Site Delivered Energy

S 35 -0.013 .003  -0. -0. : 4

®) (BBTU) 0.354 0.01 0.003 0.002 0.062  0.768 0.661 1

Energy Intensity per Site

2 -0. -0.165  -0.113  -0. -0. .03 i 3

) (BTU/SF) 0.009 0.16 0.11 0.071 0.044  0.030 0.108 0.384 1

A. RESULTS

Subsequent paragraphs detail the results of the anbjysigothesis

1. Hypothesis 1

H1 examines \ether projects thaire the easiest to implement are approved first.
H1 was tested for approved ESPC projects only due to missing data from early ECIP
adoptiors. First,initial investment was adjusted for inflation to 2017 dolladse dverall
mean valus for initial investment($18,831,248in $2017 and ESPC contract length
(17.29 years)ere then determined.Next, the data and the associated FY of project
adoption wassplit into two setsof varying lengthbased onthese mean data points.
Finally, t-Tests wereperformedon the fiscal years of eadmataset. Findingsndicate
whether the means are significantlyfelient Thus, supporting or refuting the claim of
H1.

1 Hypothesis 1 (H1)Projectsthatare the easiesor the DOD to implement
(shortest cotract lengthsand smallest initial costare more likely to be
adoptedirst.

Overall, e analysis supports H1. TalBeand Figure 5 indicate ESPC contract

lengths have beegrowing longemver time. The mean FY val@ssociated with the data
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string ofshorter length contracts (2006.16)iarlierthan the mean value of longer length
contracts (2008.49). The difference between these two means is significant (8} 0.03

Thus, the first premise of H1 is confirmed, sholemgth contracts were adoptiat.

Table 8. ESPC Contract Lengtihwo-Samplet-Test

Figure 5. LinearRegressioiemonstratinghe Positve Relationshipf
ContractLengthand Fiscal Year

Also, as Table 9 and Figure 6indicate ESPCinitial investmentshave been
growing over time. The mean FY valuassociated with the data striraf smaller
investment contract®00641) is earlierthan the mean value of longer length contracts

(2010.32. The difference between these two means is significant (p061.0rhus, the
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